Introduction
In Southeast Asia, many of the poorest farmers live in areas with limited potential for crop production. Cassava (Manihot esculenta Crantz) is an important crop on these soils, because it is easy to grow, requires few external inputs, and its roots and leaves can be used as human or animal feed. Cassava is also planted as an industrial crop for production of animal feed and starch where market conditions are developed. The wide variety of end uses makes it a popular crop and an effective vehicle for improving the livelihood of poor upland farmers.
Cassava has an ability to thrive on soils which are inherently infertile, in areas where other crops have depleted soils of nutrients and under conditions of moisture stress. Thus cassava is often planted in erosion-prone hillsides, in soils of low nutrient status and regions of uncertain rainfall. Environmental concerns are often associated with cassava grown on steep slopes. The crop's slow initial growth and wide plant spacing do not provide adequate protection of the soil from the direct impact of rainfall thereby generating runoff and erosion. At the farm level, soil erosion can cause crop yield losses reducing agricultural incomes. At the national level, soil erosion produces sediment and silt that can clog irrigation channels and lower the water storage capacity of dams, and load nutrients.
Farmers may or may not be aware of the extent of the soil loss or nutrient depletion or do not have resources to replenish the soils (Hershey et al., 1998) . Many soil conservation and soil fertility management technologies are "preventive innovations" because they avoid unwanted future event such as loss of productive soils. Preventive innovations typically have a low rate of adoption because it is hard to demonstrate their advantages since benefits may occur only at some future, unknown time (Rogers, 1983) . Also, if the benefits associated with the use of a soil conservation technology accrue primarily beyond the farm, producers may not include those benefits in their decision to adopt the technology. Low adoption rates may also be attributed to how these technologies were developed through a centralized research and extension system. The practices may not be widely adopted because farmers do not consider conventional "pipeline" products practical or appropriate.
To address these problems, the Regional Cassava Office for Asia of the International Center for Tropical Agriculture (CIAT), in collaboration with national agricultural research partners in Thailand, Vietnam, Indonesia and China, implemented a Nippon Foundation funded project titled "Improving the Sustainability of Cassava-based Cropping Systems in Asia" between 1994 and 2003 . The goal of the project was to increase the living standard of small farmers and to improve agricultural sustainability in less favored areas of Asia by improving the productivity and stability of farming systems where cassava is an important crop. Although prior research had identified many potential soil conservation and fertility management options for use in these cassava systems, they were not adopted by farmers. Therefore the CIAT project was designed with a dual focus of developing technologies and increasing their adoption and effective use. This was to be accomplished by using a farmer participatory research (FPR) approach in which farmers themselves were involved in identifying, testing and promoting promising technologies.
The objective of this paper is to assess the impact of the CIAT project. This involves assessing both adoption and impacts of the project technologies as well as the contribution of the participatory research approach. Few studies attempt to distinguish between these two different types of impacts. A growing share of scarce research and development resources are being allocated to participatory methods, however it appears that the use of such methods are often based on personal experience and conviction rather than on solid evidence of their relative contribution to impact. This study is part of a growing effort to document and measure the impact of participatory methods in natural resource management (NRM) research (Sanginga et al 2002; Johnson et al., 2003; Johnson et al. 2004.) This chapter is organized as follows: section two discusses some conceptual issues related to assessing the ex post impacts of farmer participatory cropping systems and natural resource management research. Section three describes trends in cassava production in Asia and explains the main features and outcomes of the CIAT project. Section four presents the farm-level impacts of participation and adoption of new technologies. The final section suggests some conclusions.
Conceptual issues in assessing the ex post impact of farmer participation in cropping systems research
Cropping systems research is concerned with improving the productivity and sustainability of agricultural systems. It examines not only crop improvement but also soil and water management, pest control, crop rotations or other activities related to resource use in agriculture. Improving cropping systems generally involves a combination of improved crop varieties, crop husbandry and natural resource management practices.
Agronomically, cropping systems are assessed in terms of both yield and other parameters such as loss of soil or soil nutrients or changes in pest or weed pressure. Economically, the sustainability of cropping systems can be assessed at the farm level by looking at net income over time, amenity gains, increased positive externalities such as greenhouse gas sequestration, or mitigating negative externalities such as soil erosion or nutrient loading.
Few rigorous ex post studies documenting the benefits of cropping systems research exist. One reason is that adoption of the soil and water management technologies forming a key part of improved cropping systems management has generally been low. Even when they do work agronomically and are targeted to priority problems faced by upland farmers, soil management technologies are often complex, highly site specific, costly to implement, and slow to yield monetary benefits, making them unattractive to many farmers (Fujisaka, 1994) .
Farmer participatory research (FPR) emerged as a potential solution to the problem of limited adoption of cropping systems and natural resource management (NRM) technologies by farmers (Ashby, 2003) , and there is a growing body of empirical evidence in support of its effectiveness (e.g., Hinchcliffe et al, 1999; van der Fliert et al., 2001; Johnson et al., 2003) . One explanation for why FPR methods might increase adoption is that incorporating farmers into the process of designing and developing technologies increases the probability that the technologies will be relevant and appropriate. This type of FPR is often referred to as "functional" because its purpose is to improve the efficiency of a conventional research process (Ashby, 1996; Pretty, 1994) .
Another approach to participatory research seeks not just to improve the final product (the technology) but also to improve the knowledge and capacity for innovation of those who participate in the process (Okali et al, 1994) . This type of FPR, known as "empowering," views the research process as an interactive learning experience for both farmers and researchers. This approach is particularly promoted among practitioners in the area of natural resource management, where technologies are often complex and require adaptation to specific agrarian situations. Each farmer has to understand the technology and how to adapt it to his or her own farming system. An inventory of participatory NRM research projects found that 54% of projects reported specific skills development and 69% reported strengthening overall analytical capacity and empowerment among their project outcomes (Johnson et al., 2004) .
Empowering participation does have significant implications for how impacts are generated and measured. As with conventional technologies, benefits can still be quantified in terms of increased agricultural productivity or reduced environmental damage, however the sources of the benefits are of two types. Part of any observed increase in productivity can be attributed directly to the superiority of the new technology or practice. These are often referred to as "embodied" effects since they are part of the technology itself. The second source of improved productivity is the increased knowledge or capacity that the farmer obtained by participating in the research process. These are often refered to as "disembodied" effects because they are not part of the technology (Chambers, 1988) . These two types of impacts are not independent since a more knowledgeable farmer can make better use of a new technology. Therefore it is important to be able to separate the embodied and disembodied effects in order to accurately evaluate the impact of both the participatory research process and the technology.
Project context
Cassava production trends in Asia World cassava production in 2004 was about 196 million tons, 53% of which was produced in Africa, 30% in Asia, and 17% in Latin America and the Caribbean (LAC). In the 1990s Africa increased cassava production at the average annual rate of 2.9%, while the production growth in Asia and LAC were stagnant. However, in the last five years Asia has experienced 2.9 % average annual production growth, compared to 1.3% in Africa and 1.4% in Asia. Vietnam and Thailand had negative growth rates in the 1990s but in the past five years, Thailand has had 1.4% average annual production growth, and Vietnam has had nearly 20% average annual growth of cassava production (FAO, 2005) . Land degradation patterns are similar in Thailand and Vietnam: about half of the total land in Vietnam and Thailand are considered to be very severely, nearly 30% severely and about 20% moderately degraded.
Much of the production gains in Asia are related to increases in yield. In the last five years, the cassava yield in Thailand has increased 2.8% annually while cassava area harvested has declined. In Vietnam, the production gains are related to both area expansion and yield increases. In the past five years, the average annual growth of cassava-harvested area in Vietnam was nearly 9% while yields increased at an average annual rate of 11% (Table 2) . Regional derived demand for cassava is expected to increase for livestock feed as demand for meat grows with Asian incomes (Fuglie, 2004) . Cassava research in Asia Research shows that nutrient depletion and erosion can be serious problems when cassava is grown as a monocrop on infertile soils and on sloping land. Judicious application of manure or chemical fertilizers will permit continuous cassava production at high levels of yield without nutrient depletion . Similarly, soil and crop management practices have been developed that will minimize erosion when cassava is grown on slopes (Howeler, 1987 (Howeler, , 1994 (Howeler, , 1995 (Howeler, , 1998a (Howeler, , 1998b Kawano and Howeler, 1997) . These practices include minimal land preparation, contour ridging, fertilizer application, mulches, intercropping, and vegetative contour barriers to reduce runoff and enhance deposition of suspended soil behind these barriers.
CIAT holds the world's largest collection of cassava germplasm forming the basis for a comprehensive breeding program. New varieties with higher yield potential, higher starch content, improved plant type, and greater resistance to pests and diseases, have been developed. Since 1983, the CIAT Cassava program in Asia has worked with national cassava breeding programs, selecting from material transferred from CIAT and breeding for local adaptation. Thirty-eight cassava varieties containing genetic material from CIAT have now been released in Asia. These are grown on about 1,506,000 ha (43% of total cassava area). Similarly, there has been an active and collaborative research program on the crop's nutrient, fertilization and soil management requirements.
The CIAT project
The main objective of this project was to develop better cassava production practices that would enhance the sustainability of production by helping farmers increase their income and by protecting the soil resource base from degradation as a result of nutrient depletion and erosion. Both the first (1994-1998) and second (1999-2003) phases aimed at enhancing the adoption of more sustainable production practices by involving farmers directly in the development of site-specific best-bet practices through farmer participatory methods. The first phase of the project developed and tested mainly a FPR methodology, while the second phase used this methodology, implemented in a simplified version in many more sites, and used various farmer participatory extension (FPE) methods in order to disseminate the farmer-selected practices to as many other farmers as possible.
The FPR methodology developed included selection of suitable villages that might benefit from the project, discussions and planning phase regarding implementation with officials at different levels, and a rapid rural appraisal with farmers in the village to obtain basic information and assess their interest in participating. After analyzing the results, the villages were selected based also on the willingness of local leaders to collaborate.
Once a village was selected, interested farmers from the village site(s) were taken on a field trip to visit demonstration plots, or visit another village where farmers had already conducted FPR trials or had adopted some selected practices. At the demonstration plots, farmers evaluated and scored all the varietal trials and soil fertility management options (treatments) and selected a few of most interesting to try out in FPR trials on their own fields (see Table 2 for technologies selected in the first phase).
Researchers and extension workers worked with farmers to develop and select appropriate trials, stake out plots and establish the selected treatments. Typical FPR trials had 4-6 treatments, including the farmer's traditional practice, without replication.
Although the emphasis was on FPR erosion control trials, farmers could also test other technology components such as new varieties, fertilization practices, intercropping, weed control and even pig feeding with cassava roots and leaves. At time of harvest, a field day was organized to let other farmers from the village and surrounding villages evaluate and discuss the results of the various treatments. From these results and discussions farmers then selected the best treatments for either further testing or for adoption in their production fields. Technologies developed After 2-3 years of testing in FPR trials, farmers decided on the most suitable practices. To enhance the further dissemination of those selected practices, the project used several participatory and conventional extension methods such as organizing crossvisits of farmers from one village to another, field days, either during the crop cycle or at harvest, FPR training courses for farmers and local extension workers. During the first phase of the project, 244 farmers and extension workers attended the FPR training in Thailand, and 292 were trained in Vietnam. In Thailand, the project also set up community-based self-help groups called "Cassava Development Villages." In the second phase of the project, total of 338 FPR trials were conducted in Thailand, and 584 trials were conducted in Vietnam. Table 3 and Table 4 show the average effect of various soil conservation practices, tested in numerous experiments and FPR trials, on relative cassava yield and soil loss in Vietnam and Thailand, respectively. (5) 137 (4) 202 (12) Note: Effect of various soil conservation practices on the average relative cassava yield and dry soil loss due to erosion as determined from soil erosion control experiments, FPR demonstration plots and FPR trials Figures in parenthesis indicates the number of experiments/trials from which the average values were calculated. 1) ** = most promising soil conservation practices; * = promising soil conservation practices Source: Howeler, 2004. In summary, the project developed best-bet technologies, using farmer knowledge and participation, through the FPR process. Secondly, the successful elements of the FPR methodology were identified and disseminated to partner organizations using FPE. As a result, specific soil fertility management technology options were diffused to additional non-project farmers. In addition, the human capital of the participating farmers is assumed to be increased because they engaged in the technology development process with the researchers. This hypothesis, among others, is tested in the following section.
Conceptual framework
To evaluate hypotheses that the FPR methodology increased the adoption of soil fertility management and conservation technologies while simultaneously increasing human capital, a farm level decision model is formulated. Farm production is multifunctional and produces two generic products: a commodity output (in this case cassava) and a noncommodity environmental output. The multifunctional and multiproduct farm production function constraint is defined as:
) is a function of labor (L), land (A), and biochemical inputs (B), P t , current prices that control for policy or induced innovation effects, and conditioned upon the effective production technology, δ t , made available by current (R t ) and past research (R t-l ) and current (E t ) and past extension delivery (E t-l ). In this model we can include the FPR input as part of current and past research activities. "Knowledge," represented by (θ), or alternatively thought of as a cumulative information management function accrued informally or through formal information delivery systems in the current production period t or previous ones (t-l), is modeled as an approximation to the individual's stock of human capital. Knowledge growth can be modeled as a stock accumulation balance:
Where D t represents the depreciation of useless information and IA t represents knowledge acquisition. Information acquisition takes place through active learning processes, like participatory research, or through passive mediums such as mass media or conventional extension field days. The time constraint accounts for the opportunity cost of investing in human capital and is written:
Where IA is the time allocated to education or information acquisition. θ, therefore, represents the impact of the information acquisition activity. It affects the productivity of farm labor and the amount of time available for leisure (l). The farm income constraint is defined as:
M and P H are the explicit prices of market and household products, w is the wage rate for labor, and wl and wIA are the opportunity cost of leisure and education. On the right hand side is the farm profit equation plus non-farm income (NF). The prices for land, labor and biochemical inputs are defined as r, v, and φ respectively, and I represents annualized investment costs associated with the production of Y NM . P NM represent a virtual or market price for the environmental good produced by the farm.
Household utility is maximized over the consumption of market, household, the nonmarket (public good or abated environmental externalities) goods and leisure subject to a vector of exogenous characteristics controlling for market, physical, and research infrastructure capital Z. Assuming an interior solution to the maximization of (5) with respect to (3) and (4) (or alternatively (2), (3) and (4) with a multiperiod discounted utility version of (5)) the resulting objective function may be rewritten in reduced form as an indirect function where utility is defined as a function of wages, an implicit wage (w ) conditioned upon managerial knowledge and S j is the share of non-market products relative to commodity outputs. V j is the indirect utility of the level (or intensity) of information acquisition choice j where j=1…m.
Based upon the equations 1-6, there are several descriptive queries and testable hypothesis to be evaluated. First we are interested in the motivation to become involved with traditional versus participatory research and extension activities on crop and resource management. Very little of this is observable to the researcher so we need to rely upon choice decisions to participate, which may demonstrate the expected return to the education component, and the implicit wage impact since this is derived from the calculus of costs and realized benefits.
Secondly, we hypothesize that those individuals that were involved in participatory research and extension activities produce greater nonmarket products, primarily in the form of abated soil-related externalities e.g. erosion, downstream siltation, nutrient mining or soil structure degradation. This is proxied through observation on the adoption and usage of soil fertility and soil conservation interventions.
In order to derive insight into the implicit wage impacts, productivity differences between those that participate and those that do not must be identified. Since we cannot observe these implicit wage impacts directly, we define proxies for their effects in terms of behavioral and productivity changes before and after project intervention. In order to evaluate the net impact upon production, several additional hypotheses are formulated.
Productivity changes are measured in terms of changes in per-hectare yields (converted from local measures) before and after project intervention. We hypothesize that participation positively impacts productivity differences through two mechanisms. The first mechanism is embodied in the adoption of soil fertility management and conservation technologies. The second mechanism is not embodied in any technology per se but is related to human capital accumulation through greater information acquisition as described in (2). This impact is observed by controlling for the treatment effects of the participation decision in the behavioral and productivity impact equations.
Estimating adoption and impact at the farm level

Data and methods
To assess the impact of the FPR project, data were collected on over 800 farm households in 16 communities in Thailand and Vietnam in 2003 (Agrifood, 2004) . Complete and usable survey formats were obtained from 767 households. Data collection was carried out in 8 villages per country, half of which were villages in which the project worked and half of which were neighboring villages in which the project did not work. All project villages were characterized on the basis of the year the research site was established (newer sites were excluded), slope of the land, presence and extent of government support (Vietnam only), existence of a starch factory (Vietnam only), importance of cassava in the cropping system, and status as "Cassava Development Village" (Thailand only), and a sample of eight villages was drawn to ensure maximum variability. In addition eight non-project villages were selected which were similar to and were located nearby (within 10 km) the selected project villages.
Focus group discussions were conducted in each site, and during the meeting the survey form was distributed to each focus group participant. Focus group participants filled out the forms for their respective households. The survey form asked for information that would have been easily known by participants, such as household membership, the construction of their house, significant property owned by the household, and details of the cassava production systems. Survey forms were completed by focus group participants, and therefore do not constitute a proportional stratified or random sample. Non-proportional sampling does not negate valid inferences about the village as a whole, since population figures are known from official statistics and in the majority of cases the number of households surveyed comprised a significant proportion of the total households in the village. About 30% of the total number of households were surveyed (Agrifoods, 2004).
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Characteristics of survey villages and households Selected demographic and other characteristics of sample households are presented in Table 6 . Fifty-four percent of households in the sample are from Thailand and 46% from Vietnam. Eighty percent of households were headed by males, and this did not vary significantly between countries. Household composition did vary significantly; households in Vietnam had significantly more children than households in Thailand.
To get an idea of the wealth level, households were asked to rate themselves as "poor," "average" or "better off" as compared to the rest of their community. The results suggest that the distribution of households in terms of relative wealth varies significantly by country. The Vietnam sample contains many more "poor" and "better off" households, while the Thailand sample has more "average" households.
There are also significant differences between countries in terms of agricultural assets and activities. Households in Thailand have much larger average land holdings than their counterparts in Vietnam, 4.5 ha versus just under than 1 ha, respectively. This is consistent with the national statistics on available arable land per capita. Thai farmers' land was also significantly less hilly; farmers in Thailand reported having only flat or rolling land while in Vietnam some farmers reported having hilly land. Thai farmers plant around 60% percent of their land to cassava, and this did not change over the course of the project. The national statistics confirm that in recent years, there has not been significant cassava area expansion in Thailand as compared to rapid expansion in Vietnam. Before the project, Vietnamese farmers were planting about 50% of their land to cassava; however, after the project this had risen to 57%. Cassava yields are significantly higher in Thailand than in Vietnam, though the difference declined from 17% to 9% during the course of the project. Farmers in both countries experienced large yield increases over the period, on average 68% in Thailand and 80% in Vietnam.
Participation in the FPR project
Overall, 31% of households in the sample participated in the FPR project, 26% in Thailand and 36% in Vietnam. A "participant" was defined as someone who had conducted an FPR trial and/or participated in an FPR training course. A "nonparticipant" had done neither of these things, but may have participated in a field day organized by the project. In terms of the types of participation described in section 2, we are only looking at empowering participation since it is the only type assumed to have direct impacts on farmers.
Project v non-project villages While the idea was to select project villages that were similar to non-project villages, the data show that project and non-project villages differ significantly in terms of agricultural assets and activities. This is especially the case in Thailand, where project villages had significantly higher initial land area, cassava area, and cassava yields, compared to nonproject villages 6 . Project villages also had on average flatter land. Households in project villages also had significantly more livestock, and were significantly more likely to have fishponds. In Vietnam, there were no differences between project and non-project villages in terms of initial land holdings; however, project villages had, on average, higher initial yields, flatter land, and more livestock and fish 7 .
Participant v non-participant farmers In Thailand, participant and non-participant households did not differ in terms of composition (Table 5 ). In Vietnam, female-headed households were significantly less likely to have participated than male-headed households.
There were no significant differences between participants and non-participants in terms of their distribution across wealth categories, but there were some significant differences in terms of agricultural activities and assets. In Thailand, participant households had significantly higher land holdings and cassava yields, both before and after the project, compared to non-participants. Participants had much hillier land than non-participants, which might explain their interest in a project aimed at soil conservation. They also had fewer livestock than non-participants, which may also reflect a greater orientation towards crop agriculture
In Vietnam the only differences between participants and non-participants in terms of agricultural assets and activities were that participants planted more area to cassava and obtained higher yields after the project. There were no differences in initial land holdings or yields. If we look only at project villages, the results change quite significantly. Participant households had higher initial land area and cassava area, and lower initial yields. There are no significant differences in post-project yields. Participants had significantly steeper land, and were less likely to have fishponds. 
Adoption of project technologies
Project v non-project villages Again, before looking at differences between participants and non-participants, we look briefly at differences between project and non-project villages. Again, there are significant differences between the two types of villages. In Thailand, project villages had significantly higher levels of adoption of all technologies. In Vietnam, only chemical fertilizer use was the same between project and non-project villages.
Participants v non-participants Adoption of the technologies promoted by the project varied by technology and country (Table 6 ). Adoption of improved varieties was relatively high in both countries. In Thailand, all households planted improved varieties on at least 50% of their cassava area, and 91% planted only improved varieties. In Vietnam, 75% of households planted improved varieties, and 43% planted them exclusively. In both countries and in the pooled sample, adoption levels were significantly higher among participants than nonparticipants. If we look only at the project villages, however, we do not see significant differences in level of adoption of new varieties between participants and nonparticipants in Vietnam, only in Thailand.
Just under half of the households in the survey adopted one or more soil conservation practices. Thirty one percent adopted contour ridging and 24% adopted hedgerows. Adoption levels did not vary significantly between countries, but they did vary between participants and non-participants. In Thailand, participants were much more likely to have adopted contour ridging and hedgerows than non-participants. In Vietnam, half of participants adopted hedgerows compared to only 12% of non-participants. Overall, there is a positive and significant correlation between the adoption of contour ridging and hedgerows and participation.
Just over a third of all households in the sample adopted intercropping: 59% in Vietnam and 13% in Thailand. In the full sample, participants were more likely than nonparticipants to adopt. When looking at only project villages, only in Thailand were participants significantly more likely to intercrop than non-participants. We find limited evidence of a positive relationship between intercropping and participation.
Fertilizer use was relatively high across all households in the sample, with 87% of households using chemical fertilizers and 48% using farmyard manure. Only 9% of households used neither organic nor inorganic fertilizer. In Vietnam, only farmyard manure use was significantly higher among participants compared to non-participants. As a whole there is a positive correlation between adoption of farm-yard manure and participation but no relationship exists for chemical fertilizer. 
Impact
To assess the impact that these new technologies had on productivity, and the extent to which the project contributed to both adoption and impact, we need to analyze the determinants and outcomes of a series of decisions that farmers made. Figure 1 presents a schematic of these decisions involved in an FPR project. Assuming that his or her village is chosen by the project, each farmer in the village chooses whether to participate in the project activities or not. This decision is likely to be determined by a variety of factors such as the importance of cassava in the individual's farming system or the availability of time or land to dedicate to the project. Personal characteristics are also likely to matter, for example his or her interest in experimentation, or connections to community and existing social networks that would allow access to new information without active participation in the project activities.
When the project is finished and the results of the trials are available, all farmers, both participants and non-participants, face the decision of whether or not to adopt them. This decision is separate from the decision to participate since participants can choose not to adopt and non-participants can choose to adopt. However the decisions are not independent in the sense that some of the same factors that influence the decision to participate are likely also to influence the decision to adopt (Greene, 1998) .
Finally, we need to look at the outcomes of participation and adoption. We look at two types of outcomes: behavioral and productivity. The behavioral outcomes are changes in total area planted and area planted to cassava. Given the availability of new technologies, farmers may change their land allocations, reallocating across crops or changing total area planted. This is of particular interest in this project since expansion of area planted, which occurred over the course of the project, might imply moving into more fragile and erosion prone areas. The productivity outcome of interest is the change in cassava yield. Since some of the same farm and farmer characteristics that affect participation and adoption will also likely influence land allocation and production, we must estimate these equations as a system. This analysis was done via estimations of sets of simultaneous equations, and the results indicate that project activities had a significant impact on adoption of soil management technologies, in particular contour ridging, hedgerows and the usage of farm yard manure. Both project technologies and participation in the project influenced behavioral and productivity outcomes (see Table A1 for variable definitions and descriptive statistics and Table 7 for regression results).
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In terms of behavioral outcomes, the results indicate that adoption of contour ridging was negative and significantly related to expansion of total cropped area and cassava area. In addition, the adoption of improved cassava varieties was also significantly related to areal expansion of cassava. Slope is also positive and significantly related to area expansion, suggesting that production is moving to more environmentally sensitive areas. However, it appears that farmers are using contour ridging to expand into these areas in a sustainable manner. We find that participation was not significantly related to area expansion indicating that FPR did not contribute to area expansion of cropping activities.
Figure 1. Treatment effects, adoption decisions, behavioral and productivity impact
Farmers with larger initial land holdings expanded relatively less than those with smaller holdings, and female-headed households were more likely to expand their total cropped area than male-headed households.
In terms of productivity, adoption of improved varieties and hedgerows contributed significantly to increased cassava yields. Other technologies appeared to have no significant effect. This is somewhat surprising in the case of, for example, fertilizer. One explanation could be that fertilizer use was widespread, and that we did not collect data on quantity or composition of fertilizers used, just on use or non-use. Yield gains were relatively larger in Vietnam than in Thailand. Another exogenous factors associated with increased yields was the proximity to a starch factory.
Participation in the project had positive and significant impact on yield change, a finding that confirms the importance of the "disembodied" effects associated with FPR. This impact is in addition to the yield gain associated with hedgerow adoption. Since participation is measured as a dummy variable, we cannot say exactly how participation leads to a yield increase independent of the embodied treatment effects. Our hypothesis is that it is related to the enhanced knowledge, experience and managerial capacity gained via participation and experimentation. In addition to the impact on participants, the village-level spillover effect was positive and significant indicating diffusion of techniques to non-participants located in FPR villages. 933 F(20,746) 4.05 * 4.91 * 23.51 * *,**,*** indicates significance at the 10%, 5% and 1% levels respectively.
Rate of return on the research investment To calculate the rate of return to the investment in this project, we compare the costs of the project to the benefits it generated.
Project Costs
Costs associated with this analysis accrue from three sources: Nippon Foundation costs that financed the overall project, costs associated with the adoption of soil conservation technologies and the opportunity cost of time invested in FPR/FPE activities. Project costs of the Nippon Foundation and local partners are estimated at USD3.96 million over the two phases of the project (Table 8) .
Secondly, using partial budgets, the incremental costs associated with adopting the soil conservation and fertility management technologies were estimated (Agrifoods, 2004 1994 290,943 22,222 116,667 429,832 1995 274,303 22,222 116,667 413,192 1996 274,303 22,222 116,667 413,192 1997 274,303 22,222 116,667 413,192 1998 274,303 22,222 116,667 413,192 1999 224 
Benefit Calculation
The project sought to generate production, environmental and human capital benefits. While we document the latter two, it is difficult to fully value them. However, we can value the production benefits obtained via yield increases due to improved technologies and human capital related to cassava production. This can be used as a proxy for total project benefits. It is clearly an underestimate of total benefits since it does not include off-site environmental impacts or spillovers of human capital to non-cassava activities. Since the project was designed to generate plot-level benefits via better crop management, we would expect productivity growth to be the primary impact.
From the yield equation in Table 7 , we see that adoption of hedgerows increased yields by 3.4 t/ha while participation in project activities was associated with an increase in yield of 8.3 t/ha. Adoption of improved varieties increased yields by up to 6.6 t/ha. Finally, spillover effects to nonparticipants within the village are also positive and significant adding 2.7t/ha. We value this supply gain at local cassava prices 9 .
9 Local prices for fresh cassava roots (at 30% starch content) from Nakhon Ratchasima province provided by the Thai Tapioca Trade Association are converted to US$/MT using an average annual exchange rate. These prices are reduced by 15% to account starch content that likely ranges from 20-30%. Estimation of total benefits is restricted to project villages. Participation in project activities was obviously only possible in the villages where the project worked. Adoption of hedgerows occurred overwhelmingly in project villages-only 5% of farmers in nonproject villages adopted hedgerows versus 34% in project villages. Use of improved varieties was common in project and non-project villages, but the average percent of cassava area planted to improved varieties was higher in project villages than non-project villages. This suggests that the project had only an incremental impact on varietal adoption in project communities. We assume this incremental increase in area planted to improved varieties that can be attributed to the project at 25%, based on observed differences in adoption levels between project and non-project communities (Table 9 ). The benefit at the village level is the sum of the benefits for each category of beneficiary, i.e. participants, non-participants, and adopters and non-adopters. To obtain the benefit for each category, we need to know the average incremental increase in production per hectare and the average area planted to cassava for farmers in each category. To extrapolate to the village level, we need to know the total number of households per village, and how they are distributed across beneficiary categories. Table 9 presents this information for the project villages in the sample. P=Participant, H = Adopted hedgerows and V = Planted varieties on 100% of area, NP=non-participant spillovers. * from sample ** based on a sample average of 137 households per village.
According to the analysis, the project resulted in an additional 2,802 tons of cassava per village at equilibrium. To allocate these benefits over time, we assume that this equilibrium is the survey year 2003. Between 1994 and 2002 we assume that the benefits are a fraction of the equilibrium that is directly proportional to the number of farmers that were trained in the FPR/FPE activities. Thus, the adoption profile increases at a logistic rate over the ten year period (Griliches, 1957) . These benefits are valued at the farmlevel price of cassava which varies from year to year. The gross annual research induced supply shift (GARB) amounted to US$2.12 million in 2003 (the last year of the project).
Assuming that benefits remained the same in the following year, the GARB amounts to US$2.50 million. If we only account for the benefits that accrued during the project implementation period, the estimated internal rate of return (IRR) is 41.2%. If we extrapolate the benefits an additional five years, at the same rate as observed during the survey period, which is consistent with what was observed in communities where the project has been working for several years, then the IRR increases to 49.2%.
Various systematic alterations of the cost and benefit scenarios were simulated in order to determine the sensitivity of the results. These scenarios indicate that when intra-village spillover effects are not included in the base calculations, the IRR decreases to 28.1% during the project period and 38.9% when extrapolated to 2008. Conversely, if we assume that the farm-level costs were underestimated, i.e. the actual costs were higher than estimated costs, the IRR is reduced by approximately 0.5% for every 10% of cost increase. Overall, the IRR calculations are sensitive to the inclusion of the spillover effects and insensitive to the cost calculations.
Another conservative assumption is to lag the benefits by one year to allow for additional learning. If this is done during the project implementation phase, the IRR is reduced to 20.0%, and 34.1% if the benefits are extrapolated five years. This is highly restrictive since some productivity gains accrued even in the first year of experimentation. Despite being extremely conservative, the estimated IRR generates sizeable productivity gains. At a plausible extreme, allowing the benefits to accrue at the same level observed in 2004 for an additional five years and including spillover effects, the IRR is 49.2%. At the most conservative, the IRR is 20.0. Overall, the expected rate of return under reasonable assumptions lies between 34% and 41%. If varietal impacts are eliminated, the IRR for crop, natural resource management, and participation drops to about 30% on average. This result is consistent with results published in Alston et al. (2004) . Most importantly though is that the IRR figures only value the incremental productivity gain-only one goal of the projects objectives. All of the IRR calculations do not include the non-market contribution of resource degradation abatement or the long-term benefits of human capital accumulation. Tables 3 and 4 provide evidence of soil resource conservation associated with technology adoption that would increase the social rate of return to this project. Finally, there is evidence of an "empowering" effect of participatory research that is not found in conventional passive extension activities. We cannot value the broader impact of empowerment without additional investigations, but we find evidence that it did impact cassava productivity.
Discussion
Assessing the impact of a participatory cropping systems research is complex. As this impact study has found out, the initial selection of project villages and project participants determined how benefits were distributed and also found significant diffusion to non-participants. This diffusion effect is contrary to the lack of diffusion effects found in recent studies of Asian farmer field schools for IPM in rice systems (Feder et al., 2004a; Feder et al., 2004b) . This may be explained by the diametrically different nature of the technologies: IPM is largely knowledge-based and non-visible to non-participants while soil conservation interventions are visible and tangible 10 .
The results indicate significant and positive impacts of CIAT-Asia cassava project activities. First, survey results indicate that land allocated to cassava production is expanding and it is expanding at a faster rate on hillier terrain and in areas located near starch factories. This result is consistent with other published studies that have examined regional trends in cassava production (Fuglie, 2004; FAO, 2005) . The technologies promoted by the project are important soil conservation and fertility management techniques designed to maintain (or increase) productivity capacity of hillier areas. The project achieved significant levels of adoption, especially for soil conservation practices. The adoption of hedgerows was linked to productivity impacts, while the adoption of contour ridging to a reduction of cropped area.
Secondly, we find that there are additional benefits to participatory research activities that are not embodied in the adoption of soil conservation or fertility management techniques. Controlling for the treatment effects, participation was positively related to yield increases over non-participants. While this research cannot identify the particular mechanism that generated these effects, several hypotheses have been advanced. Practitioners argue that participatory research activities improve farmers' understanding of the relationships between the components of their farming systems and this may generate efficiency gains based upon managerial modifications. Secondly, the participatory approach is an active learning activity and it may increase human capital and the ability to respond to and moderate production stresses that decrease productivity. We find that these gross measures of participation provide the rationale for more sophisticated investigations on the impact of participatory research activities upon adoption, land allocation and productivity growth.
The expected IRR was estimated to be between 34-41%. The calculations are likely to underestimate the total value of benefits since they are based only on incremental cassava productivity gains. Other benefits that were not incorporated include the abatement of environmental externalities, human capital spillovers to other cropping activities and institutional benefits. The paradoxical finding that few of the soil conservation interventions contributed to productivity gains necessitates additional research. On the one hand it may be explained by soil physics, chemistry and processes. Soil quality improvements generally accrue over the long-run and are slow to become visible. On the other hand, a series of interesting hypotheses on the value of active training through participatory research and extension merits further investigation. In particular, participatory research activities may provide an alternative vehicle to subsidy payments to enhance the adoption of soil conservation interventions and abate negative environmental externalities generated by agricultural systems in marginal production areas. 
